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1. SUMMARY 


The economics of resource exploration and production in the Arctic 
regions dictate the need for cost effective icebreaker vessel support. Recent 
developments and extensive full scale performance evaluations show 
convincingly that the introduction of innovative design features are effective 
in meeting this need. As a result, the power requirements for an icebreaker 
with year-round Arctic operational capabilities are being reduced considerably 
by actual demonstrations of icebreaking performance of the following two 
ships, the Canmar Kigoriak and the Robert LeMeur. 


In this paper, the authors discuss the novel design features of the 
Canmar Kigoriak, industry's first purpose-built Arctic icebreaker, 
specifically; hull form, ice management systems, manoeuvreability, propulsion 
requirements and resultant performance. 


On the basis of the very successful full scale performance results of the 
Canmar Kigoriak, a second generation Arctic icebreaker, the Robert LeMeur, has 
been designed, built and evaluated. The systematic variations from the 
Kigoriak proven design features incorporated within the Robert LeMeur are 
outlined. ery 


The Kigoriak and Robert LeMeur Research Programs were specifically aimed 
at evaluating and assessing features of these two ships‘in actual Arctic 
conditions and provide unique full scale knowledge for the development of 
future operations of polar class vessels. 


Future developments based upon research results are presented in concept 
form for a polar icebreaker and icebreaker/oil tanker. 


oa INTRODUCTION 


Icebreaker development over the past 100 years has focused upon providing 
support to commercial ice transiting shipping activities. The required 
icebreaker performance specifications have therefore evolved from experience 
gained in performing such duties. 


The use of icebreakers supporting frontier resource exploration 
activities in the Arctic has identified the need for ships which are far more 
ice-capable and cost effective. To date, the Canmar Kigoriak and the Robert 
LeMeur are the largest proven purpose built icebreakers in operation to 
support offshore resource exploration in the Arctic. A new design philosophy 
has been pursued to meet the mission profile requirements which incorporates 
features which differ radically from past icebreaker design practice. These 
features are outlined in the following sections and an assessment of their 
effectiveness is given based upon testing and evaluation under actual full 
scale Arctic conditions. 
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as INNOVATIVE DESIGN FEATURES 


Embodied in the design of the Canmar Kigoriak are new concepts never 
before built into a full scale vessel. These are highlighted in Figure l. 
Based upon the successful testing and evaluation of these, a second prototype 
vessel, the Robert LeMeur was subsequently developed and built. Incorporated 
within her design is a systematic variation of these same features together 
with the introduction of new concepts. 


These innovative design features are outlined in the following sections. 
Shown in Figure 2 and 3 are General Arrangements of the Canmar Kigoriak and 
Robert LeMeur respectively for reference purposes. 


3.1 Spoon-Shaped Bow 


The application of the concepts into the design of the modern icebreaker 
Canmar Kigoriak is primarily based upon the design requirement to break thick 
ice using minimum energy. The development of this concept also includes the 
sharp shoulder at the junction of the bow and midbody section. In addition, 
an icebreaker bow design of this type can include reamers which are discussed 
separately. 


Another advantage identified, from a performance point of view, with the 
development of the spoon bow is a reduced susceptibility to getting stuck in 
the ice due to the reduced amount of crushing of the ice, particularly at the 
shoulders. 


Following the successful initial application of this concept on the 
Canmar Kigoriak, a modified version using a shorter bow length and shallower 
Bow angle was developed for the Robert LeMeur. These changes were to further 
reduce resistance and also to meet the constraints imposed by an operating 
draft limitation resulting in a flatter shape. 


Also of interest is the fact that the relatively shorter bow length 
associated with the spoon shape makes it possible to extend the parallel 
middody forward which results in an increase in the displacement of an 
icebreaker of given length. This has the benefit of increasing the ships' 
earning capability as deadweight will also be increased. 


3.2 Reamers 


The reamers form an integral part of the spoon bow concept and 
application in the design of Canmar Kigoriak and Robert LeMeur. 


Located along the forward shoulders, reamers are extension of the spoon 
shaped bow form beyond the ships moulded breadth which are then faired back 
into the parallel midbody. The bow is therefore wider than the midbody, but 
only locally. 
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The widely recognized capability of breaking a track wider than the 
ships' beam is therefore introduced without the drawback of wedging the ship 
during astern operations. 


Benefits associated with the use of reamers include increased lubrication 
and therefore reduced resistance along the ships' side and significant 
improvements in ship manoeuvreability in ice. 


The advantages obtained from the use of reamers far outweigh the slightly 
greater breadth of track that must be broken. 


For the purpose of studying the reamer, widths of 1.0 metre and 0.5 metre 
have been incorporated in the design of Canmar Kigoriak and Robert LeMeur 
respectively. ore 


3.3 Ice Knife 


Design considerations of the forefoot stopper at the base of the bow 
include the need to impact a splitting force into the consolidated section of 
a ridge or multi-year ice which has not failed in bending during bow ride-up. 
The ice knife must also be configured to prevent excessive ride-up/penetration 
of the ship resulting in getting stuck and/or beaching of the vessel. 


In this context, different configurations have been built-in to the 
Canmar Kigoriak and Robert LeMeur for the purpose of obtaining a better 
understanding of the design requirements relating to the forefoot. 


3.4 Parallel-Sided Midbody 


The conventional icebreaker usually has a flared midbody to overcome the 
high resistance associated with ice crushing in the vicinity of the forward 
shoulders as well as for manoeuvreability considerations. Other disadvantages . 
include an expensive, rather complex construction at the junction of bow and 
midbody. .Since this design requirement is overcome by the spoon-bow with or 
without reamers, it is now possible to build icebreakers with parallel 
vertical sides. 


This feature has therefore been adapted in both Canmar Kigoriak and 
Robert LeMeur for the purpose of testing and assessing this type of feature 
which will be prevalent in large transportation system vessels. It is also of 
benefit in that it facilitates the construction of these vessels with 
consequent reductions in capital cost and delivery time. 


3.5 Stern Configuration 


First introduced in the Canmar Kigoriak is the undercut stern which is 
designed to reduce the suction of ice into the ducted propellers as well as 
permit backing of the ship into heavy ice. 


in ayy 147 i" 
Full wus a % 
(igeeyvusor 
a ' ! } sau conta mo7? ers & bor) emrwye ney qa’ ~ a 
ovoT Od aun. tere seed Te Aes 


Performance results were mixed which resulted in the introduction of the 
propulsion island on the Robert LeMeur design. This feature is intended to 
reduce the amount of ice-propeller interactions in thick level ice ahead and 
whilst backing. 


3.6 Ice Management Systems 


These systems, varying widely in complexity and cost, are all primarily 
intended to reduce friction in one form or another. 


Only a water lubrication system was incorporated in the Kigoriak design. 
This system, developed and applied for the first time by Dome/Canmar on a 
ship, has been extremely successful at reducing resistance and contributes in 
part to the fact that the ship's performance has exceeded even the most 
optimistic performance expectations. 


The water lubrication system discharges a screen of water from 
strategically placed holes at the bow onto the snow/ice surface. Friction is 
therefore reduced with the added benefit that the greatest reductions in 
friction and therefore resistance occur with colder temperatures and/or 
thicker snow cover. The same system has been fitted on the Robert LeMeur with 
Similar success. 


Further ennancements in ice management systems incorporated into the 
Robert LeMeur have been previously discussed, by Churcher et al (1983). 


These include hull lubrication below the waterline and a low friction 
hull coating to reduce resistance, the use of air bubbler systems to reduce 
ice-propeller interactions and a heeling system to improve manoeuvreability. 


3.7 Propulsion System 


The novel aspect of both the Canmar Kigoriak and Robert LeMeur has been 
the introduction of mechanical systems of standard design. 


The Canmar Kigoriak is propelled by two diesel engines driving a single 
ducted controllable pitch propeller through a twin-input single output gearbox. 


A single screw configuration was selected to overcome the problems of 
constantly milling ice experienced on the outboard screws of twin screw and 
triple screw icebreakers. The single screw is surrounded by a duct to give 
greater thrust at low speed and to provide protection to the propeller by 
limiting the size of ice blocks capable of interacting with it. 


Following the very successful use of this system, a similar concept was 
adopted for the Robert LeMeur using a twin screw installation developed as a 
result of a draft limitation imposed on the design. Systems enhancements over 
those initially tested on the Canmar Kigoriak include the provision of 
increased inertia to shield the machinery from ice impact transit peak forces 
and improvements to the control system by way of much faster machinery 
response times. 
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4, PERFORMANCE ASSESSMENT 


Through extensive full scale monitoring and research programs conducted 
by Canmar personnel over the past four years, the novel design features 
incorporated in the Canmar Kigoriak and Robert LeMeur have been evaluated and 
assessed against design requirements. The information derived from these 
programs represents a unique source of data on which to assess and determine 
design criteria. As such, actual results are of proprietary nature. However, 
a qualitative overview is given in the following sections. 


4.1 Level Ice Performance 


Improvements in this category are a direct result of the reduced 
resistance. This reduction is attributable to improvements resulting from the 
design of the spoon bow and reamers coupled with the reduction in friction 
associated with the effective use of ice management systems. The result of 
such innovations and development is that the Robert LeMeur is capable of 
breaking the same ice thickness near its limiting capabilities as the original 
hull of the Canmar Kigoriak. This represents a reduction in the power 
‘requirement of the order of 40% to break a given ice thickness. 


The introduction of parallel vertical sides has been successful in that 
no detrimental effects have been observed. 


The backing performance associated with the undercut stern concept is not 
as good as that obtained with conventional icebreaker designs. 


On the Canmar Kigoriak, backing results in heavy ice/propeller 
interactions occurring as well as a tendency for the ship to break out of the 
channels due to the single screw, single rudder installation. 


Improvements built.into the Robert LeMeur design to overcome these 
results include a modified stern design incorporating the stern wedge. This . 
has resulted in a significant reduction in the amount of ice being ingested in 
the propellers whilst backing. The wedge, as presently configured, however 
does not permit backing in level ice nor does it allow the ship to break out 
of the channel going astern. 


The two designs tested and evaluated to date cover almost the complete 
range of possibilities in backing performance. From these full scale test 
results, design criteria may be formulated from which designers can build-in 
desired backing characteristics into an icebreaker. 


4.2 Ridge Performance 


Energy considerations govern the performance of icebreakers in ridges. 
In this context, design development has focused on the vertical stopper or ice 
knife configuration. Design considerations relate to the need to maximize use 
of the ships kinetic energy in destroying the ridge while preventing the ship 
from getting stuck. Two configurations of vertical stopper have been tested 
in which detailed measurements have been made to derive energy dissipation. 
These are of significant benefit in determining the optimum design. 
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The reduced power requirements have a significant bearing on two aspects 
of ridge performance: 


- the reduced available astern thrust increases the need to further 
study extraction capability requirements, and, 

- the lower available thrusts result in slower ship accellerations 
leading to potentially longer ramming cycles. 


Solutions to the above are currently available to the designer through 
the use of ducted propellers offering much ge thrust at low speed ahead 
and astern together with the proper application of such ice management system 


as water lubrication, low friction coatings and heeling systems. 


4.3 Ice Management Systems 


Numerous auxiliaries to reduce the friction component of resistance have 
been proposed and/or used. These include heeling and trimming systems, bow 
propellers, air bubblers, water lubrication, air/water lubrication and low 
friction coatings. Canmar's experience is based upon the development of water 
lubrication systems coupled with the use of low friction coatings. These 
have proven to be very effective and reliable in enhancing performance 
independently of ships speed. 


Similarly, they have also been beneficial in preventing the vessels from 
getting stuck in ridges. Only under extreme cases has the heeling system been 
required. 


4.4 Manoeuvreability 


To date, little research has been conducted into the criteria affecting 
the manoeuvreability of.ships in ice. The turning characteristics of 
icebreakers are therefore a result of a particular design rather than an input - 
requirement. F 


Of particular interest are the turning capabilities of the Canmar 
Kigoriak and Robert LeMeur because of their vertical parallel sides and long 
parallel waterline at the icebreaking draft. Test results have shown that the 
turning diameters of both vessels are as good and/or significantly better than 
state-of-the-art icebreakers depending upon the size of reamers, hull form and 
the use of heel. This is a particularly important finding when one considers 
the results of the Manhattan where the turning diameter was found to increase 
from state-of-the-art levels in 0.9 metre ice thickness to about 80 ship 
lengths in 1.2 metre ice thickness. Results obtained from the Robert LeMeur 
which is 1:3.5 scale model of an Arctic VLCC do not show such an adverse trend. 


The results of current research based upon test results indicate that 
turning diameters of the order of 6 ships' lengths in 1.8 metre thick ice are 
achievable. 
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i. Propulsion System 


The introduction of the geared diesel installation driving a controllable 
pitch propeller on the Canmar Kigoriak has proven to be very successful under 
year round Arctic service. 


The nozzle configuration has been very effective at limiting the size of 
ice pieces going through the propeller. The protection thus offered 
Significantly reduces the amount and degree of shock loading to which the 
propulsion system is subjected and permits a propulsion system of standard 
lower fuel consumption type design to be used. Difficulties associated with 
the use of nozzle such as loss of thrust due to chocking of the nozzle, can be 
satisfactorily overcome through careful design of hull form. 


The successful use of controllable pitch propellers on icebreakers is a 
Significant development since it provides the same capabilities as a 
diesel-electric propulsion system with the added benefit of reduced capital 
cost and reduce risks of sustaining propeller damage during reversals. 
Enhancements introduced into the Robert LeMeur propulsion system have been 
most effective at shielding the machinery in the case of the added inertia. 
The fast response time controls have been beneficial in substantially 
improving the vessel ramming cycle as well as preventing the ship from getting 
stuck. 


5.0 FUTURE DEVELOPMENTS 


Canmar's approach to develop the technology for Arctic shipping has been 
to proceed in stages based upon full scale developments. 


This is because, from experience, model tests and analytical models alone 
are of limited use in extrapolating the design of Arctic ships. 


New concepts for future Arctic ships are being developed based upon the 
testing and evaluation of Canmar Kigoriak and Robert LeMeur which will provide > 
the performance capabilities at required economical levels for successful 
resource development. Shown in Figures 4 and 5 are the lastest artist 
concepts of the Polar X-10 icebreaker and Arctic tanker respectively. 


The X-10 icebreaker concept incorporates the latest developments of the 
features presented and has been conceived for unsupported, unrestricted year 
round operation with particular accent placed upon relability and performance 
in ice. The key objectives in developing such an icebreaker are as follows: 


ie Pursue the development of technology in stages which are verified 
in full scale prior to the next step. 

2. Demonstrate the feasibility of year-round Arctic marine navigation. 

Ds Provide full scale input into the development of performance 


requirements for the full range of Arctic vessels and including 
multi-year ice. 
4, To increase industry's ability to move structures in the Arctic. 
<P Provide year round emergency and support services in the Arctic. 


From this, arctic marine transportation systems can be developed at 
lesser risk and cost to industry and government. 
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6.0 CONCLUSIONS 


6.1 Innovations in hull form combined with the use of ice management systems 
have significantly reduced resistance in breaking level ice. 


6.2 The reduction in resistance associated with the increased thrust 
available from a nozzle propeller installation has resulted in power reduction 
requirements of at least one-half to two thirds based upon CASPPR requirements 
for year round large icebreaking vessels. 


6.3 The reamer has proven to be effective at reducing resistance and 
improving manoeuvering without detrimental effects to astern performance. 


6.4 Ice management systems are a cost effective means of improving icebreaker 
performance. 


6.5 The geared diesel driving a controllable pitch propeller has been proven 
to be a reliable propulsion system under Arctic service conditions. 


6.6 The line of icebreaker development pursued by Canmar represents a viable 
cost effective means of support to Arctic Offshore Exploration. 


6.7 A full scale year round navigation demonstration and research program by 
an X-10 type icebreaker would be cost effective based upon the learning 
experience gained to date. 
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